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Abstract 

Background: Continuous surveillance for intussusception (IS) is important for monitoring the safety of second- 
generation rotavirus vaccines. The present study aimed to assess the incidence of IS in Singaporean children 
aged < 2 years. 

Methods: This was a prospective, hospital-based, multi-center surveillance conducted in seven hospitals - two 
public hospitals and five private medical centers between May 2002 and June 2010 in Singapore. Diagnosis of IS 
(definite, probable, possible, suspected) was based on the case definition developed by the Brighton Collaboration. 
Children < 2 years of age who were diagnosed with IS were enrolled in this study. Incidence of IS was calculated 
per 100,000 child-year with its 95% confidence interval. 

Results: Of the 178 children enrolled, 167 children with definite IS cases were considered for final analyses; 1 1 were 
excluded (six diagnosed as probable IS and four diagnosed as suspected IS; one child's parents withdrew consent). 
Mean age of children with definite IS was 1 1.6 ± 6 months; 67.7% were males. The overall incidence of IS was 28.9 
(95% CI: 23.0-34.8) and 26.1 (95% CI: 22.2-30.0) per 100,000 child-year in children < 1 year and < 2 years of age, 
respectively. The majority of IS cases (20 [12.0%]) were reported in children aged 6 months. Most children (98.2% 
[164/167]) recovered, two (1.2%) children recovered with sequelae and one (0.6%) child died of septic shock. 

Conclusions: The incidence of IS remained low and stable in Singaporean children aged < 2 years during the 
study period (May 2002 to June 2010). 

Trial registration: NCT01 177839 
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Background adults [2], The causes of IS are unknown in most cases. 

Intussusception (IS) is one of the most frequent causes However, the frequent association of IS with intestinal 

of abdominal surgical emergencies in young children [1]. lymphoid hyperplasia suggests that infectious agents may 

It occurs when one segment of bowel invaginates into the play a role [1]. 

distal bowel, resulting in venous congestion and bowel Rotaviruses are the most important cause of severe diar- 

wall edema [2], Early diagnosis of IS is done using ultra- rhea in young children accounting for over 453,000 deaths 

sonography and/or air /hydrostatic enema. Air/hydrostatic annually, worldwide [4] . In a study by Robinson CG, et al, 

enema is also used for the treatment of IS, in addition to it was demonstrated that rotavirus infection resulted in the 

surgical reduction of IS [3]. IS cases are most commonly thickening of distal ileal wall and mesenteric lymphaden- 

observed in young children within the first year of life and opathy, suggesting a plausible mechanism of rotavirus- 

are rare in children aged < 6 weeks, older children and induced IS [5]. However, previous reports indicate no 

association between IS and rotavirus infection [6-8]. 
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from market in the United States of America in 1999 as 
post-licensure surveillance revealed that administration of 
Rotashield® was temporally associated with an increased 
risk of IS and hence was withdrawn from the market by the 
manufacturer [9,10]. This incident has a considerable im- 
pact on the development and usage of next generation rota- 
virus vaccines [11,12]. 

Live attenuated oral rotavirus vaccines namely Rotarix™ 
(RIX4414, GlaxoSmithKline, Belgium) was licensed in 
Singapore in November 2005 and RotaTeq® (RV5, Merck 
and Co., Inc., USA) was licensed in Singapore in July 2007 
[13]. These vaccines did not demonstrate any association 
with IS in large-scale, pre-licensure clinical trials [14,15]. 
Post marketing surveillance conducted in Mexico [16] and 
Australia [17] revealed an increased risk of IS following 
the administration of first dose of both these vaccines. 
However, recent studies have indicated that the benefits of 
rotavirus vaccines outweigh the risks [18,19]. To assess the 
risk-benefit ratio of the rotavirus vaccines in Singapore, it 
is, therefore, essential to collect the baseline information 
on the incidence of IS. 

This study aimed to determine the incidence of IS in 
Singaporean children aged < 2 years through a prospec- 
tive hospital-based surveillance conducted between 2002 
and 2010. 

Methods 

Study design and study population 

This prospective, hospital-based, multi-centre surveillance 
study was conducted in two public (KK Women's and 
Children's Hospital, the National University Hospital) and 
five private hospitals (Mount Elizabeth Hospital, Gleneagles 
Hospital, Mount Alvenia Hospital, East Shore Hospital, 
Thomson Medical Centre) in Singapore between May 2002 
and July 2010. These hospitals treated the majority of IS 
cases in Singapore. The KK Women's and Children's 
Hospital alone treated nearly 72% of IS cases in Singapore 
[20]. Since all children with IS cases in Singapore were 
admitted to hospitals, this study covered almost all repor- 
ted IS cases. 

All children aged < 2 years and admitted to the study 
hospitals with a diagnosis of IS-categorized as definite 
(ascertained by: radiograph, surgery or by post-mortem 
examination), probable, possible or suspected cases 
based on the criteria developed by the Brighton Collabo- 
ration Working Group (version dated January 30, 2002) 
[21], were enrolled. 

Data on IS were obtained from the daily admission 
logs, computerized hospital admission records, emer- 
gency department records, surgical records and radi- 
ology logs that were reviewed by the study staff and also 
from the discharge case notes that were written by sur- 
geon to confirm the IS case. These were then keyed into 



the hospital database under the International Classifica- 
tion of Diseases (ICD) code for IS. In addition, the emer- 
gency department pediatric surgeons at each study site 
were involved to ensure that all IS cases were captured. 
All departments that were responsible for the manage- 
ment of IS cases were advised to contact the study 
personnel for each case of IS to ensure that all cases 
were captured. Each site gave an outline of their 
methods of surveillance, and provided evidence that case 
finding and ascertainment was sufficiently sensitive. 

Clinical signs and symptoms of IS and vaccination 
history at the time of admission to hospitals were recor- 
ded in the case report forms. Children were excluded from 
the study if their age at the time of enrollment was > 2 years 
or if the children had an episode of definite IS confirmed 
radiographically or surgically before enrollment. 

Written informed consent forms were collected from 
children's parents/ guardians prior to enrollment. This 
study was approved by the Institutional Review Board 
of each study centre in Singapore: KK Women's and 
Children's Hospital IRB/EC (KK Women's and Children's 
Hospital), National Healthcare Group HQ Domain Specific 
Review Board (DSRB) (National University Hospital) and 
Parkway Independent Ethics Committee (Mt. Elizabeth 
Hospital, Gleneagles Hospital, East Shore Hospital, 
Thomson Medical Centre and Mt. Alvenia Hospital). 
The study was conducted as per the principles of 
Good Clinical Practice, International Guidelines for 
Ethical Review of Epidemiological Studies, local regu- 
lations in Singapore and the Declaration of Helsinki. 

Diagnostic procedures 

Abdominal radiograph, abdominal ultrasound, abdom- 
inal computed tomography (CT), gas/ liquid contrast 
enema and surgery were used to diagnose IS. The 
number of children who underwent each of these 
diagnostic procedures was recorded. The outcome of 
hospital admission was collected. 

Microbiology 

Available stool samples were collected from subjects with 
definite IS as a part of routine diagnostic procedure. 
Microbiological examination of these stool samples was 
performed to determine the presence of any microbial 
(bacteria such as Escherichia coli, Campylobacter, Salmon- 
ella, Yersinia and Shigella) and/or viral (namely rotavirus) 
pathogens. Microbial detection was done using stool cul- 
ture and rotavirus was detected using commercial test kits 
(antigen detection, latex agglutination and immunochro- 
matographic tests). 

Statistical analyses 

The incidence of IS was calculated using the following 
formula: 
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Annual Incidence of IS 



Number of new IS cases reported in a specific year 
The total number of children living in Singapore during the specific year 



x 100, 000 



The base population included all children aged < 2 years 
living in Singapore during the specific year. 

The incidence of IS among children aged < 1 year 
and < 2 years were calculated with their respective 
exact 95% confidence intervals (95% CI). Incidence of 
IS was expressed per 100,000 child-year. 

The trend in incidence of IS hospitalizations from May 
2002 to July 2010 was assessed. Further, seasonal varia- 
tion in the occurrence of IS by month was also assessed 
for the entire study period. 



received RIX4414 and RV5, respectively. Following the ad- 
ministration of RIX4414, IS case was reported by 2/17 
children seven days post-Dose 1 and 1/17 child between 
7-31 days post-Dose 2. Children receiving RV5 did not 
report IS cases within 31 days following any dose. 

Vomiting (144/167 [86.7%]), lethargy (78/167 [65%]) 
and abdominal mass (60/167 [38%]) were the most 
commonly reported clinical symptoms among children 
hospitalized with definite IS cases (Figure 1). 



Results 

Demography 

A total of 178 children were assessed for IS of which six 
were probable, four were suspected IS cases. The remai- 
ning 168 children were definite IS cases. Of these, one 
child's parent withdrew consent after enrolment. A total 
of 167 children were thus enrolled and included in the 
final analyses. 

The mean age of children included in the final analyses 
was 11.62 ± 6.22 months; 67.7% of enrolled children were 
males. Among these children, 17/167 and 1/167 children 



Incidence 

The overall incidence of IS observed in children aged < 1 year 
and < 2 years was 28.9 (95% CI: 23.0-34.8) and 26.1 
(95% CI: 22.2-30.0) per 100,000 child-year, respect- 
ively. The annual incidence of IS during the entire 
study period is detailed in Table 1. The highest num- 
ber of IS cases (20/167 [12.0%]) were reported in the 
age group of six months (Figure 2). The number of 
IS cases during the entire study period did not show 
any clear seasonal pattern (data not shown). The 
number of IS cases were predominantly higher in 
males than in females (Figure 3). 
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Figure 1 Clinical symptoms observed in children with definite IS case (Total number of cases N=167). 
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Table 1 Incidence of IS among children < 1 and < 2 years 
of age (N=167) 

Year Incidence per 100,000 child-year 





Children 
< 1 year 


95% CI 


Children 

< 2 years 


95% CI 


LL 


UL 


LL 


UL 


2002* 


44.5 


19.3 


69.7 


31.5 


16.6 


46.5 


2003 


32.1 


13.9 


50.3 


29.4 


17.1 


41.7 


2004 


35.0 


16.0 


54.0 


43.0 


28.1 


57.9 


2005 


37.4 


17.8 


57.1 


25.4 


14.0 


36.8 


2006 


28.8 


11.8 


45.8 


24.9 


13.7 


36.1 


2007 


33.0 


15.1 


51.0 


25.4 


14.3 


36.5 


2008 


27.6 


11.3 


43.9 


31.4 


19.1 


43.7 


2009 


7.6 


0.0 


16.2 


10.1 


3.1 


17.2 


2010** 


15.3 


0.3 


30.3 


11.5 


2.3 


20.7 



95% CI: exact 95% confidence interval; LL: lower limit; UL: upper limit. 
Children < 2 years include children < 1 year and children aged 1-2 years. 
*Data collected from May to December - 2002. 
**Data collected from January to June - 2010. 



Diagnostic procedures 

The majority of children (166/167 [99.4%]) underwent ab- 
dominal ultrasound; abdominal radiograph was performed 
on 96/167 (57.5%) children and gas/ liquid contrast enema 
was performed on 95/167 (56.9%) children. Furthermore, 
33/167 (19.8%) children underwent surgery and bowel re- 
section was performed in 18/167 (10.8%) children. 

Outcomes 

Of the 167 children hospitalized with definite IS, 164 
(98.2%) recovered completely, while two children (1.2%) 



25 



who underwent surgery recovered with sequelae and 
one child died of septic shock. 

One child who recovered with sequele had a successful 
reduction of IS by surgery but developed E. coli septicae- 
mia and acute tubular necrosis which required dialysis. 
One child developed pneumoperitoneum following air 
enema. This child underwent laparotomy and hemico- 
lectomy was carried out because of serosal split. How- 
ever, this child recovered fully. The child who died 
during the study period had undergone air reduction 
and had recovered from IS. Despite having fully reco- 
vered from the IS episode, the child died a month later. 
Autopsy revealed necrotising enterocolitis, severe hya- 
line membrane disease, severe generalized lymphocytic 
depletion and haemosidrosis of the liver and spleen. 

Microbiology 

A total of 53 (31.7%) stool samples were available from 
167 children for microbiological analyses. Microbial 
examination revealed that three distinct samples were 
positive for Salmonella while Escherichia coli and Cam- 
pylobacter were found in one distinct sample each. 
There were no mixed infections. Rotavirus was not 
isolated from any of the samples tested. 

Discussion 

This prospective hospital-based surveillance spanning a 
period of eight years was the largest study aimed at pro- 
viding recent estimates of IS incidence in Singapore. 
During the eight year surveillance period, the observed 
incidence of IS was low with an overall incidence 
estimated at 28.9 and 26.1 per 100,000 child-year in 
children < 1 and < 2 years of age, respectively. This is in 



I I Number of cases [N=167] 



20- 



0) 

n 

£ 10 

3 




n 



01 2 3456789 1011 12 13 1415 16 17 18 19 20 21 22 23 
Age (months) 

Figure 2 Distribution of IS cases by age (Total number of cases N=167). 
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Figure 3 Distribution of IS cases by gender (Total number of cases N=167). *Data collected from May to December - 2002. **Data collected 
from January to June - 2010. 



line with the previously observed incidence of IS in 
Singapore, where the incidence ranged between 26.4 
and 39.9 per 100,000 among children aged < 1 year and 
between 23.8 and 28.7 per 100,000 among children 
aged < 2 years, during 2005-2007 [13]. The IS incidence 
values observed in Singapore in the present study and 
the one conducted previously were lower than that ob- 
served in Taiwan (77.0 and 93.5 per 100,000 child-year 
in children < 1 and < 2 years of age, respectively) [22] 
and Germany (60.4 and 51.5 per 100,000 child-year in 
children < 1 and < 2 years of age, respectively) [23]. 
Although the exact reason for this low IS incidence is 
unknown, a study conducted by Tan N et al, [13] indi- 
cated that the baseline incidence of IS was lower in 
Singapore. 

Furthermore, the present results indicate that during 
the eight year surveillance, the incidence of IS was 
lowest in 2009. Although the exact reason for the lower 
IS incidence rate observed in 2009 in the present study 
is unknown, natural fluctuation of IS cases might have 
caused this effect. 

The present study demonstrated a higher incidence of 
IS in children aged < 1 year as compared to children 
aged < 2 years which is in accordance with a previously 
conducted study in Singapore [13]. A review of pub- 
lished literature between 1966 and 2001 by the World 
Health Organization on the worldwide IS incidence also 
showed that the incidence of IS was higher in children 
aged < 1 year than in children aged < 2 years [2]. Fur- 
thermore, the peak incidence of IS was observed 
between 4-8 months of age, with highest number of 
cases reported at six months of age. These results were 



also similar to the results observed in other studies 
conducted in Taiwan [22], Korea [24], Thailand [25], 
Australia [26] and also the United States where two- 
thirds of IS cases occur below the age of one year [27]. 

While the peak incidence of IS was observed at six 
months of age, a secondary peak was observed at 
18 months of age, which was similar to previous findings 
in Taiwan and Australia [22,26]. However the exact 
reason for this peak in the incidence of IS at 18 months 
is not known. 

Of the 53 available stool samples collected from 
definite cases of IS, none of the samples tested posi- 
tive for rotavirus. These results indicate that, among the 
children with definite IS and from whom stool samples 
were collected, the cause of IS can be assumed to be 
non-rotavirus related. 

There were several limitations which might affect the 
interpretation of results observed in this present study. 
The information regarding the application of different 
diagnostic procedures stepwise was not captured in this 
study. Therefore, it was not possible to determine the 
number of IS cases confirmed by a single diagnostic pro- 
cedure. Since there was no distinction between diagnostic 
and therapeutic procedures, it was not possible to classify 
the therapeutic procedures explicitly. For instance, chil- 
dren who underwent surgery might have had another 
treatment measure prior to surgery and surgery was 
opted for only when the other treatment measures were 
unsuccessful. These limitations might have led to potential 
bias in reporting the diagnostic/ treatment procedures 
in Singapore. Lastly, stool samples were not actively 
collected as part of this study. Microbial examination was 
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performed only on stool samples that were collected from 
children during routine clinical examination and analyzed. 
Furthermore, the microbial examination did not include 
specific tests for the detection of non-enteric viruses such 
as adenovirus. 

Conclusions 

This study provides the baseline information on the inci- 
dence of IS which might aid in assessing the risk-benefit 
ratio of rotavirus vaccines in Singapore. 

Incidence of IS remained stable and low during the 
eight year surveillance period from May 2002 to June 
2010 in Singaporean children aged < 2 years. Children 
aged < 1 year were more frequently affected with IS than 
children < 2 years of age. The therapeutic procedures 
carried out at the study hospitals demonstrated success- 
ful reduction of IS in majority of children. 

Trademark statement 

Rotashield is a registered trademark of Wyeth group of 
companies. 

Rotarix is a trademark of GlaxoSmithKline group of 
companies. 

RotaTeq is a registered trademark of Merck and Co., 
Inc. group of companies. 

Abbreviations 

CI: Confidence interval; CT: Computed tomography; GSK: GlaxoSmithKline; 
IS: Intussusceptions. 

Competing interests 

Phua Kong Boo: received money for travel related to the study in the past. 
Lee Bee Wan: Has received consultancy fees, honorarium and money for 
travel related to the study and payment for lectures including speaker's 
bureau. 

Anette Jacobsen: No conflict of interest to declare. 
Quak Seng Hock: Received support for travel expenses related to the study 
and also received travel, accommodation and meeting expenses unrelated 
to the study. 

Harvey Teo: No conflict of interest to declare. 

Yanfang Liu and Kumaran Vadivelu: Employees of GlaxoSmithKline group of 

companies and hold shares of GlaxoSmithKline. 

Kusuma Gopala: Employee of GlaxoSmithKline group of companies. 

Authors' contributions 

PKB, LBW, QSH, AJ, HT, have provided input towards the design, conduct, 
review and interpretation of results from the study and critical review and 
approval of the manuscript, in addition to contribution towards subject 
enrollment. KV was involved during the study and provided input into the 
clinical study report and critically reviewed the content of the manuscript 
and approved it. KG was involved in the statistical analyses, interpretation, 
critical review and input towards the protocol, study result interpretation and 
critical review and approval of the manuscript. YL was involved in all the 
scientific aspects relating to the study design, input towards analyses and 
interpretation of the results, critical review and approval of the manuscript. 
All authors read and approved the final manuscript. 

Acknowledgements 

The authors would like to thank Clinical Research Associates: Foong Ying Lai 
and Jing-Ting Chen for the study management (both former employees of 
GlaxoSmithKline group of companies). The authors acknowledge the 
investigators: Terrence Tan Hwan Nin, Ng Moi Pen, Pradeep Kumar, Koh Poh 
Kian, Ong Eng Keow and S. Sivasankaran for their contributions towards 



enrollment and data collection. The authors would also like to thank 
Harshith Bhat for medical writing and Lakshmi Hariharan for editorial 
assistance and coordination in the development of the manuscript 
(both employees of GlaxoSmithKline group of companies). 
GlaxoSmithKline Biologicals SA was the funding source and was involved in 
all stages of the study conduct and analyses. GlaxoSmithKline Biologicals SA 
also took in charge of all costs associated with the development and the 
publishing of the present manuscript. 

Author details 

] KK Women's and Children's Hospital, Singapore, Singapore. 2 Mount 
Elizabeth Hospital, Singapore, Singapore. 3 National University Hospital, 
Singapore, Singapore. 4 GlaxoSmithKline Vaccines, Singapore, Singapore. 
5 GlaxoSmithKline Pharmaceuticals, Bangalore, India. 

Received: 18 October 2012 Accepted: 16 July 2013 
Published: 8 October 2013 

References 

1. Stringer MD, Pablot SM, Brereton RJ: Paediatric intussusception. Br J Surg 
1992, 79:867-876. 

2. Bines J, Ivanoff B: Acute Intussusception in Infants and Children: Incidence, 
Clinical Presentation and Management: A Global Perspective. Geneva, 
Switzerland: World Health Organization; 2002. 

3. Bines JE, Liem NT, Justice F, Son TN, Carlin JB, de Campo M, Jamsen K, 
Mulholland K, Barnett P, Barnes GL: Validation of clinical case definition of 
acute intussusception in infants in Viet Nam and Australia. Bull World 
Health Organ 2006, 84(7):569-575. 

4. Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, Parashar UD, WHO 
coordinated Global Rotavirus Surveillance Network, et al: 2008 estimate of 
worldwide rotavirus-associated mortality in children younger than 5 
years before the introduction of universal rotavirus vaccination 
programmes: a systematic review and meta-analysis. Lancet Infect Dis 
2012, 12(2):136-141. 

5. Robinson CG, Hernanz-Schulman M, Zhu Y, Griffin MR, Gruber W, Edwards 
KM: Evaluation of anatomic changes in young children with natural 
rotavirus infection: is intussusception biologically plausible? J Infect Dis 
2004, 189:1382-1387. 

6. Chang EJ, Zangwill KM, Lee H, Ward Jl: Lack of association between 
rotavirus infection and intussusception: implications for use of 
attenuated rotavirus vaccines. Pediatr Infect Dis J 2002, 21 (2):97-102. 

7. Chouikha A, Fodha I, Maazoun K, Ben Brahim M, Hidouri S, Nouri A, Trabelsi 
A, Steele AD: Rotavirus infection and intussusception in Tunisian 
children: implications for use of attenuated rotavirus vaccines. J Pediatr 
Surg 2009, 44(1 1):2 133-2 138. 

8. Bahl R, Saxena M, Bhandari N, Taneja S, Mathur M, Parashar UD, Gentsch J, 
Shieh WJ, Zaki SR, Glass R, Bhan MK, for the Delhi Intussusception Study 
Hospital Group: Population-based incidence of intussusception and a 
case-control study to examine the association of intussusception with 
natural rotavirus infection among Indian children. J Infect Dis 2009, 200 
(1):277-281. 

9. Murphy TV, Gargiullo PM, Massoudi MS, Nelson DB, Jumaan AO, Okaro CA, 
Zanardi LR, Setia S, Fair E, LeBaron CW, Wharton M, Livinghood JR, for the 
Rotavirus Intussusception Investigation Team: Intussusception among 
infants given an oral rotavirus vaccine. N Engl J Med 2001, 344:564-572. 
Erratum in: N Engl J Med 2001, 344:1564. 

10. Center for Disease Control and Prevention: Withdrawal of rotavirus vaccine 
recommendation. MMWR Morb Mortal Wkly Rep 1999, 8:1007. 

1 1 . Murphy TV, Smith PJ, Gargiullo PM, Schwartz B: The first rotavirus vaccine 
and intussusception: Epidemiological studies and policy decisions. 

J Infect Dis 2003, 1 87(8):1 309-1 31 3. 

12. Glass Rl, Bresee JS, Parashar UD, Jiang B, Gentsch J: The future of rotavirus 
vaccines: a major setback leads to new opportunities. Lancet 2004, 
363(9420):1 547-1 550. 

13. Tan N, Teoh YL, Phua KB, Quak SH, Lee BW, Teo HJ, Jacobson A, Boudville 
IC, Ng T, Verstraeten T, Bock HL: An update of Paediatric Intussusception 
in Singapore: 1997-2007, 11 years of Intussusception surveillance. 
Ann Acad Med 2009, 38(8):690-292. 

14. Palacios GMR, Schael IP, Velasquez FR, Abate H, Breuer T, Clemens SC, 
Cheuvart B, Espinoza F, Gillard P, Innis BL, Cervantes Y, Linhares AC, Lopez P, 
Macias-Parra M, Ortega-Bama E, Richardson V, Rivere-Medina DM, Rivera L, 



Phua et al. BMC Pediatrics 201 3, 1 3:1 61 Page 7 of 7 

http://www.biomedcentral.eom/1 471-2431/1 3/1 61 



15. 



16. 



17. 



19. 



20. 



21. 



22. 



23. 



24. 



25. 



26. 



27. 



Salinas B, Pavia-Ruz N, Salmeron J, Ruttimann R, Tinoco JC, Rubio P, Nunez 
E, Geurrero L, Yarzabal JP, Damaso S, Tornieporth N, Liorens XS, for the 
Human Rotavirus Vaccine Study Group, et al: Safety and efficacy of an 
attenuated vaccine against severe Rotavirus gastroenteritis. N Engl J Med 
2006, 351:11-22. 

Vesikari T, Matson DO, Dennehy P, Van Damme P, Santosham M, Rodriguez 
Z, Dallas MJ, Heyse JF, Goveia MG, Black SB, Shinefield HR, Christie CD, 
Ylitalo S, Itzler RF, Coia ML, Onorato MT, Adeyi BA, Marshall GS, Gothefors L, 
Campens D, Karvonen A, Watt JP, O'Brien KL, DiNubile MJ, Clark HF, Boslego 
JW, Offit PA, Heaton PM, for the Rotavirus Efficacy and Safety Trial Study 
Team: Safety and Efficacy of a Pentavalent Human-Bovine (WC3) 
reassortant Rotavirus Vaccine. N Engl J Med 2006, 354:22-23. 
Velazquez FR, Colindres RE, Grajales C, Hernandez MT, Mercadillo MG, Torres 
FJ, Cervantes-Apolinar M, DeAntonio-Suarez R, Ortega-Barria E, Blum M, 
Breuer T, Verstraeten T: Postmarketing surveillance of intussusception 
following mass introduction of the attenuated human rotavirus vaccine 
in Mexico. Pediatr Infect Dis J 2012, 31 (7):736-744. 
Buttery JP, Danchin MH, Lee KJ, Carlin JB, Mclntyre PB, Elliott EJ, Booy R, 
Bines JE: Intussusception following rotavirus vaccine administration: 
post-marketing surveillance in the National Immunization Program in 
Australia. Vaccine 201 1, 29(16)3061-3066. 

Greenberg HB: Rotavirus Vaccination and Intussusception-Act Two. N Engl 
J Med 2011,364:2354-2355. 

Desai R, Parashar UD, Lopman B, de Oliveira LH, Clark AD, Sanderson CF, 
Tate JE, Matus CR, Andrus JK, Patel MM: Potential intussusception risk 
versus health benefits from rotavirus vaccination in Latin America. Clin 
Infect Dis 2012, 54(1 0):1 397-1 405. 

Boudville IC, Phua KB, Quak SH, Lee BW, Han HH, Verstraeten T, Bock HL: 
The epidemiology of paediatric intussusception in Singapore: 1997 to 
2004. Ann Acad Med Singapore 2006, 35(10):674-679. 
Bines JE, Kohl KS, Forster J, Zanardi LR, Davis RL, Hansen J, Murphy TM, 
Music S, Niu M, Varricchio F, Vermeer P, Wong EJ: Acute intussusception in 
infants and children as an adverse event following immunization: case 
definition and guidelines of data collection, analysis, and presentation. 
Vaccine 2004, 22:569-574. 

Chen SCC, Wang JD, Hsu HY, Leong MM, Tok TS, Chin YY: Epidemiology of 
childhood intussusception and determinants of recurrence and 
operation: Analysis of National Health Insurance data between 1998 and 
2007 in Taiwan. Pediatr Neonatol 2010, 51 (5):285-291. 
Bissantz N, Jenke AC, Trampisch M, Klaassen-Mielke R, Bissantz K, Trampiscj 
HJ, Holland-Letz T: Hospital-based, prospective, multicentre surveillance 
to determine the incidence of intussusception in children aged below 
15 years in Germany. BMC Gastroenterol 201 1, 1 1:26. 
Jo DS, Nyambat B, Kim JS, Jang YT, Ng TL, Bock HL, Kilgore PE: Population- 
based incidence and burden of childhood intussusception in Jeonbuk 
Province, South Korea. Int J Infect Dis 2009, 13:e383-388. 
Khumjuia C, Doung-ngerna P, Sermgewb T, Smitsuwan P, Jiraphongsa C: 
Incidence of intussusception among children 0-5 years of age in 
Thailand, 2001-2006. Vaccine 2009, 27(Suppl 5):F1 16-1 19. 
Justice F, Carlin J, Bines J: Changing epidemiology of intussusception in 
Australia. J Paediatr Child Health 2005, 41 :475-478. 
Parashar UD, Holman RC, Cummings KC, Staggs NW, Curns AT, Zimmerman 
CM, Kaufman SF, Lewis JE, Vugia DJ, Powell KE, Glass Rl: Trends in 
intussusception-associated hospitalizations and deaths among US 
infants. Pediatrics 2000, 1 06:1 41 3-1 421 . 



doi:1 0.1 186/1471-2431-13-161 

Cite this article as: Phua et al.: Incidence of intussusception in 
Singaporean children aged less than 2 years: a hospital-based 
prospective study. BMC Pediatrics 2013 13:161. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



